Background: Analgesics can be sold following medical prescription, but also as over-the-counter (OTC) medications. In patients with chronic kidney disease (CKD), their use could potentially be associated with increased risk of side-effects, due to impaired renal elimination. The aim was to evaluate the epidemiology and indications for the use of OTC analgesics, and the knowledge of their side-effects in patients with CKD. Materials and methods: A cross-sectional, controlled survey on the use of OTC analgesic drugs was conducted among 180 CKD patients (stage 1-5, dialysis, kidney transplant), compared to 60 controls. Results: The proportion of patients using OTC analgesics on a regular basis was higher in the CKD group, compared to controls (18.9% vs. 10.0%, p<0.02). The major indications included musculoskeletal issues, followed by headaches and other. Subgroup analysis revealed that analgesic use was lowest among transplanted patients, in comparison to CKD stage 1-5, and dialysis subjects (10%, 20%, 26%, respectively, p=0.06). Less than half of CKD patients and controls declared any knowledge on potential side-effects of analgesic drugs (45.6% vs. 40.0%, NS). Conclusions: The use of OTC analgesics among patients with CKD is higher than in subjects without CKD, with the exception of transplanted patients. The knowledge on the potential side-effect of analgesics is limited.
Introduction Analgesics are drugs administered to achieve relief from pain. They are typically prescription-only but many of them are also sold as over-the-counter (OTC) medications, i.e. without a prescription from a healthcare professional. Analgesics are among the most popular and best-selling OTC drugs, as according to some studies they account for 40-50% of all the medications sold without prescription [1] [2] . Their consumption is constantly growing among the general population due to widespread availability and intense advertising of OTC analgesics as safe products with proven therapeutic potential. OTC analgesics are often effective for self-management of pain. However, they are also associated with a low but important rate of gastrointestinal and hepatic events, as well as a risk of intentional and non-intentional overdose [3] .
Chronic kidney disease (CKD) is a prevalent disorder, estimated in Poland at ~6% of the general population [4] . Irrespective of the cause, it often leads to a state of renal insufficiency with impaired excretion of numerous metabolites and waste products. The use of OTC analgesics in this patient group could potentially be associated with an increased risk of side-effects and/or drug toxicity, due to impaired renal metabolism and/or elimination. Taking into account the above-mentioned prevalence of CKD, and the widespread use of OTC drugs in the general population, the issue of OTC analgesic use in this specific patient group seems to be of clinical importance. Therefore, the aim of this study was to evaluate the epidemiology and indications for the use of OTC analgesics in patients at various stages of CKD, in comparison to controls with preserved kidney function.
Materials and methods
A cross-sectional controlled survey study of CKD patients was conducted to evaluate their analgesic self-medication practices. The study cohort included 180 patients with CKD treated in the Department of Nephrology Transplantology and Internal Medicine of the Medical University of Gdansk. CKD was diagnosed according to KDOQI definition [5] . Inclusion criteria were restricted to the presence of CKD, age >18, and willingness to participate in the survey. Patients were divided into subgroups: CKD stage 1-5 (CKDND; n=80), end-stage renal failure patients treated with hemodialysis or peritoneal dialysis (CKDD; n=50), and patients after renal transplantation (CKDT; n=50). Glomerular filtration rate (GFR) was estimated based on the CKD-EPI equation [6] . The control group comprised of 60 age-and gender-matched subjects without CKD, se-lected from a cohort of the Family Medicine Centre of the same hospital.
The study was based on a written anonymous survey. The questions referred to analgesic self-medication practices: frequency of analgesic use (never, sometimes, regularly i.e. >1 time/week), major indications, the source (advised by the doctor, by the pharmacist, by the mass media, etc.), as well as the patient's awareness of the potential side-effects of the analgesics used. Protocol of the study received approval from the Local Bioethics Committee. Results were expressed as percentages (for categorical variables), mean and standard deviation or median and interquartile range. The assumption of normality was verified with the Kolmogorov-Smirnov test. The quantitative variables' differences were assessed by t-test, analysis of variance (ANOVA) or non-parametric Kruskal-Wallis test. Differences in prevalence between selected categories were measured using the two-sample t-test test. A p-value <0.05 was considered to be statistically significant. Statistical processing of the results was performed with the use of the statistical software STATISTICA PL v 12.0 (Statsoft, Poland).
Results
The general demographic data of the studied groups is presented in Table 1 . Patients with CKD, in general, declared greater comorbidity in comparison to subjects from the control group. Renal transplant recipients (CKDT) were, on average, younger and lived in less populated places than CKDND and CKDD patients ( Table 2 ). Regular use of OTC analgesic drugs was reported by 35 CKD patients (18.9%), and by 6 patients (10.0%) from the control group; p=0.01. Subgroup analysis revealed that among CKD patients, CKDT reported the least frequent use of OTC analgesics (10.0%), in comparison to CKDND (20.0%) and CKDD subjects (26.0%); p=0.06. The patients from the studied groups took usually one analgesic drug at a time. However, 14 subjects (7.8%) admitted to use at least two analgesics simultaneously. In the control group, three subjects (5.0%) reported taking at least two analgesic drugs at the same time; p=0.46. The major indications for the use of OTC analgesics are presented in Table 3 . In the CKDND group, musculoskeletal issues prevailed, while headaches were the main indications in transplanted patients. Most of the patients (67.2%) kept their doctor informed about the OTC medications used. In the control group, this percentage was slightly lower (53.3%); p=0.06. Less than half of CKD patients and controls declared any knowledge on the potential side-effects of OTC analgesic drugs (45.6% vs. 40.0%, NS). 
CKDND -non-dialysis dependent CKD patients (CKD stage 1-5); CKDD -dialysis patients;

CKDT -patients after kidney transplantation; CVD -cardiovascular disease
Discussion
The present study demonstrates that the use of OTC analgesics is higher in CKD patients, as compared to controls. This finding seems of clinical significance, given the potential toxicity of these drugs in subjects with impaired kidney function.
Intense advertising and OTC availability results in a growing consumption of analgesics worldwide. In a Canadian study, OTC non-steroidal anti-inflammatory drugs (NSAIDs) were taken by 24% of responders [7] . In Czech Republic, consumption of ibuprofen is estimated to be as high as 30 doses/1000 inhabitants/day and in Denmark consumption of paracetamol reaches 60 doses/1000 inhabitants/day [8] . The most consumed analgesic in France is paracetamol and its use increased by 140% during 2006-2015 [9] . The doses of OTC analgesics are relatively small, and therefore the risk of side-effects is believed to be negligible. However it still exists, mainly in a form of gastrointestinal and hepatic complications [3, 10] .
Chronic pain is a common feature of CKD [11] . Calcium-phosphate disorders leading to renal osteodystrophy, rapid changes in blood pressure during dialysis leading to headaches, and an all-together lower quality of life of CKD patients, are among the major culprits. Indeed, our study demonstrates that OTC analgesic consumption is almost twice as high in CKD patients in comparison to controls. Analysis within the CKD population revealed that there were some differences among particular subgroups of patients. While in the CKDND subjects, analgesics were taken mainly for musculoskeletal issues, in transplanted patients headache was the most prevalent indication. In CKDD patients, both these indications were similarly common. In general, analgesic use in transplanted patients was comparable to the control group, while it was twice as prevalent in CKDND and CKDD subjects. Again, the above-mentioned reasons for chronic pain in CKD could, at least in part, explain these differences in the prevalence of analgesic use and the major indications for their consumption among the studied CKD subgroups.
CKD patients differ from people with preserved kidney function. Impaired glomerular filtration rate can lead to accumulation of drugs and/or their metabolites for which the urinary tract is the primary path of elimination. Therefore, the use of OTC analgesics in this patient group might be potentially associated with a greater risk of complications, as compared to the general population. Moreover, analgesics may contribute to the progress of CKD itself. Indeed, in the XX century, analgesic nephropathy was among the major causes of end-stage renal disease (ESRD) in many countries.
In the US, as much as 7% of ESRD cases were classified as a result of analgesic nephropathy [12] , and in Australia pathological changes attributable to analgesics were observed in 5% of all the kidneys in the post mortem surveys in the general population [13] . However, based on numerous studies, it was proven that the sole medicine responsible for analgesic nephropathy was phenacetine. Either through direct nephrotoxicity or through decreasing prostaglandin synthesis, phenacetine led to chronic kidney insufficiency with erythrocyturia, increased blood pressure, and papillary necrosis found in kidney specimens [14] . Phenacetine was banned throughout the world in the second half of XX century. At present, analgesic nephropathy is not a major clinical issue any more.
Although the classic form of analgesic nephropathy is slowly fading into history, it does not mean that analgesics are completely safe for the CKD population. Manufacturers inform about the recommended and maximum doses associated with impaired kidney function in the leaflets enclosed in every drug package. For instance: metamizole dose should be decreased in case of renal insufficiency because of prolonged elimination time of the drug, and should be totally avoided in patients with GFR <30 ml/min. Severe kidney dysfunction constitutes a contraindication for the use of ibuprofen, diclofenac and paracetamol. Furthermore, NSAID use is associated with increased risk of gastrointestinal bleeding, especially in case of concurrent use of anticoagulants, as in CKDD patients who receive heparin during hemodialysis sessions. The patients are usually unaware of these limitations. In our survey, less than half declared any knowledge on the potential side-effects of OTC analgesic drugs. By using them without control, they put themselves at risk of serious and sometimes life-threatening complications.
It is not to be said that OTC analgesics should be totally avoided in CKD patients. Taking into account the chronic pain commonly experienced by CKD patients, analgesics are often the only way to improve their quality of life. However, given the scarce knowledge on potential side-effects of analgesic medications among CKD patients, it is of utmost importance to meticulously elicit the medical history of analgesic use, and keep the patients informed on the advised doses, and potential side-effects associated with their use. In our study, as much as one third of the patients did not inform their doctor about the OTC analgesic use.
The major limitations of the study are its cross-sectional character and a relatively small sample size. However, even with these groups of patients, significant differences in analgesic use were demonstrated.
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Conclusion
In conclusion, the prevalence of OTC analgesic use is higher in CKD patients than in controls, except for the transplanted subjects in whom it is similar to controls from the general population. The CKD patients' knowledge of the side-effects of OTC analgesics appears to be very limited. Taking into account the potential threats associated with the accumulation of analgesic drugs and their metabolites in the course of CKD, meticulous history-taking regarding OTC analgesics use and comprehensive patient education seems of crucial importance.
